Mtp suspended in MEM were incubated with 50 U/ml neuraminidase (Vibrio cholera, Calbiochem-Behring Corp ., American Hoechst, San Diego, Calif), for 1 h at 37°C. The cells were then washed and suspended in MEM-2.5% FCS and used immediately for the rosette assay.
Results

Rat Mo Forming Rosettes with Eo' Coated with Rat Myeloma Proteins and Heterologous
Ig . The percentage of rosettes formed by rat AMO with Eo' coated with rat myeloma proteins of all classes and subclasses is shown in Table I . AMO formed rosettes with Eo' coated with rat myeloma proteins of classes IgGl, IgG2a, IgG2b, and IgE. In contrast, the percentage of rosettes formed with Eo' coated with rat IgG2c, IgA, IgM, and IgD was similar to the percentage of rosettes formed spontaneously with uncoated Eo' . Eo' that were coated optimally with individual myeloma proteins within an Ig class varied in their ability to form rosettes with AMO.
Of the heterologous Ig tested (Table I) , human IgGl, IgG3, and IgG4, murine IgG1, IgG2a, IgG2b, and rabbit IgG induced significant rosette formation, whereas human IgG2, IgE, IgA, IgM, and IgD, and murine IgG3 did not. MO Forming Rosettes with Antibody-sensitized Erythrocytes. To compare the results obtained with Eo' coated with myeloma proteins with antibody-sensitized Eo, we used rat IgG1 and IgG2, and rabbit IgG and IgM anti-Eo antibodies. In addition, trinitrophenyl-conjugated Eb sensitized with the mouse IgA anti-dinitrophenyl (DNP) myeloma protein MOPC315 were used to detect Fc receptors for IgA. As shown in Table II , >80% of both AMO and PMO formed rosettes with Eo sensitized with rat IgGI and IgG2 and with rabbit IgG antibodies . In contrast, AMO and PMO did not form rosettes with rabbit IgM and mouse IgA-sensitized erythrocytes . Rat AMO and PMO were cultured for up to 72 h in media free of rat serum or were treated with neuraminidase to determine whether such treated MO form EoA/, or EbAa rosettes . However, neither of these preparations formed rosettes with IgM or IgA antibodycoated erythrocytes above background (data not shown) .
Ig Class and Subclass Specificity of Rosette Formation. The specificity of the rat MO rosette formation was tested by inhibition with various rat myeloma proteins. As shown in Fig. 1 , IgGI and IgG2b rosettes were inhibited equally by IgGI, IgG2b, and IgE. In contrast, IgG2a and IgE rosettes were inhibited only by IgG2a or IgE, respectively . Rat IgG2c, IgA, IgM, and IgD did not inhibit IgGI, IgG2b, or IgE rosettes even at the highest concentration (3 mg/ml) tested . Identical results were obtained with Eo sensitized with rat IgGI or IgG2 antibodies ; again, IgGI rosettes were inhibited by IgGI, IgG2b, and IgE, whereas IgG2 rosettes were inhibited only with IgG2a myeloma proteins (data not shown) .
Although IgE myeloma proteins inhibited IgGI/IgG2b rosettes on a milligram per milliliter basis as much as did IgGI and IgG2b, the inhibition could have resulted from trace contamination by normal IgG, particularly aggregated IgG. To eliminate this possibility, we ultracentrifuged the IgE preparation and tested the top, middle, and bottom fractions, the latter being expected to be enriched in IgG aggregates . In addition, we heated the IgE preparation at 56°C for 3 h, which destroys the ability of IgE to bind to FCER (26) but does not affect IgG binding to FcyR (13) . As shown in Table III , the ultracentrifuged IgE preparations, whether taken from the top or bottom of the tube, inhibited equally the IgGl, IgG2b, and IgE rosettes, making it very unlikely that IgG aggregates in the IgE preparations were responsible for the inhibition . Furthermore, when the IgE was heated at 56°C, it lost its ability to inhibit IgGl/IgG2b and IgE rosettes, again indicating that IgE, and not traces of contaminating IgG, was responsible for IgGI/IgG2b rosette inhibition.
To determine whether inhibition of IgG rosettes by IgE is a general phenomenon, in Table VI , trypsin treatment reduced IgGl, IgG2b, and IgE rosette formation by up to 97%, whereas IgG2a rosette formation decreased only slightly, even at very high trypsin concentrations . The decreased percentage of trypsin-treated AMO forming rosettes with Eo sensitized with rabbit IgG anti-Eo antibodies offers further support for the binding of heterologous IgG to the FcyR reacting with rat IgG1 and IgG2b .
Discussion
Rat MO were shown to form rosettes with Eo' coated with rat IgGI, IgG2a, IgG2b, and IgE but not with rat IgM, IgA, IgD, and IgG2c myeloma proteins . The IgG2a and IgE rosettes were inhibited only by IgG2a and IgE, respectively, whereas the IgGI and IgG2b rosettes were equally inhibited by both IgGI and IgG2b myeloma proteins. These findings indicate that rat Mo bear three types of Fc receptors : one specific for IgG2a, one specific for IgE, and one reacting with both IgGI and IgG2b. The IgG2a FcR was trypsin resistant, whereas the IgGl/IgG2b and the FcER were trypsin sensitive . As shown by inhibition studies, heterologous IgG reacted with the IgGI/IgG2b FcR but not with the IgG2a FcR . The rat Mo resemble mouse Mo that also possess two FcyR, one for IgG2a, and one for IgGI and IgG2b (5) (6) (7) (8) . However, the two murine FcyR differ from the rat FcyR in their trypsin sensitivity in that the mouse IgG2a FcR is trypsin sensitive and the IgGI/IgG2b FcR is resistant . In addition to the FcyR, FcER seem to be a characteristic of Mo and the related blood monocytes . Mouse macrophagelike cells P388D1 formed specific rosettes with Eo' coated with rat IgE, and recent experiments performed in our laboratory showed that the majority of mouse AMO form rosettes with mouse IgE-coated indicator erythrocyte, and bind radiolabeled mouse IgE (unpublished observations) . Similarly, human U937 macrophagelike cells form IgE rosettes and bind radiolabeled human IgE (27) . We have previously shown that human peripheral blood monocytes form IgE rosettes and lyse specifically IgE-coated target cells (28) . It appears from these experiments that FcyR and FcER are the major FcR on Mq) and monocytes .
By using a rosette assay with Ed coated with rat myeloma proteins, we could not demonstrate FcR for IgM, IgA, IgD, or IgG2c on rat Mq). Although other investigators similarly failed to demonstrate FcR for IgM and IgA on Mo (5, 8, (29) (30) (31) , Haegert (32) reported that neuraminidase-treated human and rabbit monocytes form IgM rosettes. Therefore, we treated the rat Mo with neuraminidase and, in addition, cultured them in media free of rat serum to allow elution of in vivo FcR bound IgM, which appears to inhibit IgM rosette formation on T lymphocytes (33) . However, after such treatment, rat Mo did not form IgM rosettes. Fanger et al. (34) showed that human monocytes have IgA FcR by formation of rosettes with Eo sensitized with rabbit secretory IgA anti-Eo antibodies. However, by using either rabbit IgM anti-Eo or mouse MOPC315 IgA anti-DNP-sensitized erythrocytes, we still could not demonstrate IgM or IgA FcR on the rat Mo. Recently, Diamond and Yelton (35) characterized a new FcR specific for IgG3 on mouse Mo using sheep erythrocytes sensitized with a mouse IgG3 hybridoma anti-Eo antibody . In contrast to IgG2a and IgGl/IgG2b rosettes, the IgG3 rosettes were inhibited only with aggregated but not monomeric IgG3. Rat Mo may have FcR for IgG2c, IgM, and IgA, but FcR were not detected by our method because they may be few in number and/or of low affinity. Binding studies of radiolabeled monomeric and aggregated Ig of these classes will be necessary to address this possibility .
Rat IgE inhibited IgG1/IgG2b rosettes as much as did IgGI and IgG2b, but it did (42) showed that antibodies of all murine IgG subclasses mediate phagocytosis and antibody-dependent cellular cytotoxicity . Moreover, FCER on rat M(A mediate the killing of Schistosoma mansoni schistosomules (43, 44) and secretion of a-glucuronidase (45) . Mouse Mo release slow reacting substances of anaphylaxis (SRS-A) after incubation with ionophore A23187 (46, 47) or in response to phagocytic stimuli (48, 49) . If the interaction of IgE immune complexes with IgE FcR on MO and on monocytes can induce SRS-A release, it may establish a previously unrecognized pathway for the induction of anaphylactic reactions .
Summary
To characterize the Fc receptors on rat alveolar and peritoneal macrophages (MO), we analyzed their ability to form rosettes with fixed ox erythrocytes (Eo) coated with myeloma proteins of all rat Ig classes and with fresh erythrocytes (Eo) sensitized with rat IgGI and IgG2, rabbit IgG and IgM, and mouse IgA antibodies. The MO formed rosettes with Eo' coated with rat myeloma proteins of classes IgGl, IgG2a, IgG2b, and IgE but not IgG2c, IgA, IgM, and IgD . Rat Mo also formed rosettes with Eo' coated with human IgGl, IgG3, IgG4, mouse IgGl, IgG2a, IgG2b, and rabbit IgG. Furthermore, rat MqS formed rosettes with Eo sensitized with rat IgGI, IgG2, or rabbit IgG antibodies but not with Eo sensitized with rabbit IgM or mouse IgA antibodies. Trypsin treatment of rat Mo abolished IgGl/IgG2b and IgE but not IgG2a rosettes.
The IgG2a and IgE rosettes were Ig class specific because they were inhibited only by rat IgG2a and rat IgE, respectively . In contrast, IgGI and IgG2b rosettes were inhibited equally by IgGI and IgG2b . Heterologous IgG inhibited IgGl/IgG2b but not IgG2a rosettes. Rat IgE inhibited rat IgGI, IgG2b, and heterologous IgG rosette formation on rat Mo. Although Eo' coated with rat IgE formed rosettes with mouse P388D1 macrophagelike cells, rat IgE did not inhibit IgG rosettes on these cells . Similarly, Eo' coated with human IgE formed rosettes with human U937 macrophagelike cells, but human IgE did not inhibit IgG rosettes on these cells .
The results indicate that rat Mtp have at least three distinct Fc receptors : one is specific for rat IgG2a and is trypsin resistant ; a second is specific for rat IgE and is trypsin sensitive ; and a third reacts with rat IgG l rat IgG2b, and heterologous IgG and is trypsin sensitive . Rat IgE inhibited IgGI/IgG2b rosettes unidirectionally and uniquely on rat Mo.
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